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Stephen A. Forbes, Antecedent Wetland Ecologist?
Abstract
Stephen A. Forbes (1844-1930) was an American ento- mologist/zoologist who was born, raised and largely
educated in northern Illinois. He spent most of his profes- sional career as the director of the Illinois Natural
History Survey and as a faculty member and administrator at the University of 1llinois. Early in his scientific
career, he stud- ied fish and bird diets by examining the stomach contents of these animals. In 1887, he
published his most famous and influential paper, "The lake as a microcosm," which contains one of the earliest
formulations of what came to be called the ecosystem. In this paper, Forbes describes a hy- pothetical isolated,
small lake as being a microcosm that is in equilibrium. This equilibrium is the result of trophic in- teractions
among the organisms in the microcosm that limit the sizes of both predator and prey populations. Forbes
believed that natural selection was responsible for limiting the reproductive capacities of predators and prey.
Although energy transfer among trophic levels is not the main focus of his paper, Forbes postulated that food
(energy) is one of the main factors structuring ecosystems, but he did not explicitly discuss the energetics of
his lake microcosm. Forbes' microcosm is based on his studies of the shallow portions of small, glacial lakes in
northern Illinois that were dominated by aquatic plants. Today his microcosm would be classified as a
palustrine or lacustrine wetland.
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ABSTRACT
SWHSKHQ$)RUEHVZDVDQ$PHULFDQHQWR-mologist/zoologist who was born, raised and largely 
educated in northern Illinois. He spent most of his profes-
sional career as the director of the Illinois Natural History 
Survey and as a faculty member and administrator at the 
8QLYHUVLW\RI,OOLQRLV(DUO\LQKLVVFLHQWL¿FFDUHHUKHVWXG-
LHG¿VKDQGELUGGLHWVE\H[DPLQLQJWKHVWRPDFKFRQWHQWV
of these animals. In 1887, he published his most famous 
DQGLQÀXHQWLDOSDSHU³7KHODNHDVDPLFURFRVP´ZKLFK
contains one of the earliest formulations of what came to be 
called the ecosystem. In this paper, Forbes describes a hy-
pothetical isolated, small lake as being a microcosm that is 
in equilibrium. This equilibrium is the result of trophic in-
teractions among the organisms in the microcosm that limit 
the sizes of both predator and prey populations. Forbes 
believed that natural selection was responsible for limiting 
the reproductive capacities of predators and prey. Although 
energy transfer among trophic levels is not the main focus 
RIKLVSDSHU)RUEHVSRVWXODWHGWKDWIRRGHQHUJ\LVRQH
of the main factors structuring ecosystems, but he did not 
H[SOLFLWO\GLVFXVVWKHHQHUJHWLFVRIKLVODNHPLFURFRVP
)RUEHV¶PLFURFRVPLVEDVHGRQKLVVWXGLHVRIWKHVKDOORZ
portions of small, glacial lakes in northern Illinois that were 
dominated by aquatic plants. Today his microcosm would 
EHFODVVL¿HGDVDSDOXVWULQHRUODFXVWULQHZHWODQG
STEPHEN ALFRED FORBES 
6WHSKHQ$OIUHG)RUEHV)LJXUHZDVDPDMRU
¿JXUHLQWKHGHYHORSPHQWRIHFRORJ\HVSHFLDOO\DQLPDO
ecology, in the United States during the last quarter of the 
QLQHWHHQWKDQG¿UVWTXDUWHURIWKHWZHQWLHWKFHQWXU\.LQJ-
VODQGYDQGHU9DON+HZDVDQHQWRPRORJLVW
interested in insect pests of crops and diseases of insects, 
EXWKHDOVRGLGUHVHDUFKRQ¿VKDQGELUGV+HSLRQHHUHG
the use of stomach contents to work out food webs in both 
aquatic and terrestrial systems. Much of his research was 
done in response to crop pest issues facing farmers in Il-
linois. His research career started in the mid-1870s when 
KHGHFLGHGWRWU\WRVROYHWKH³%LUG4XHVWLRQ´:HUHELUGV
EHQH¿FLDOWRIDUPHUVRUQRW"%LUGVDWHLQVHFWVWKDWGDPDJHG
crops, but birds also ate some kinds of crops, particularly 
grains. It was trying to answer this question that got Forbes 
ORRNLQJDWVWRPDFKFRQWHQWVRIELUGVDVDZD\WR¿JXUHRXW
what they were eating. Throughout his career Forbes advo-
cated that ecologists should emphasize research that would 
EHQH¿WIDUPHUV¿VKHUPHQKXQWHUVHWFZKRXOWLPDWHO\
VXSSRUWHGWKHLUUHVHDUFK)RUEHV
FIGURE 14UFQIFO"MGSFE'PSCFT	
'SPN)PXBSE	

Forbes was born, raised, and mostly educated in northern 
,OOLQRLV+HVSHQWWKH&LYLO:DULQWKH8QLRQ$UP\¿JKWLQJLQ
VRXWKHUQVWDWHV0LVVLVVLSSL$ODEDPDDQG7HQQHVVHH$IWHU
WKHZDUKHVWXGLHGPHGLFLQHLQ&KLFDJREXWQHYHU¿QLVKHG
medical school. Instead he got interested in natural history 
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and eventually became the curator of the Illinois State Natu-
ral History Society Museum and an instructor of zoology at 
Illinois State Normal University. He then helped establish 
the Illinois State Laboratory of Natural History and became 
LWV¿UVWGLUHFWRU)RUEHVKDGDGLVWLQJXLVKHGFDUHHUDUHERWK
DUHVHDUFKHUDQGDGPLQLVWUDWRU,OOLQRLV6WDWH(QWRPRORJLVW
professor of zoology and entomology at the University of 
,OOLQRLVDQG'HDQRIWKH&ROOHJHRI6FLHQFHDWWKH8QLYHUVLW\
RI,OOLQRLV+HVHUYHGDVSUHVLGHQWRIDQXPEHURIVFLHQWL¿F
VRFLHWLHVLQFOXGLQJWKH(FRORJLFDO6RFLHW\RI$PHULFDDQG
was elected a member of the National Academy of Sciences. 
)RUDGHWDLOHGDFFRXQWRI)RUEHV¶OLIHDQGWLPHVVHH+RZDUG
DQGHVSHFLDOO\&URNHUDQGIRUDQHYDOXDWLRQRI
KLVVFLHQWL¿FFDUHHU/RYHO\
0RVWRIKLVVFLHQWL¿FSXEOLFDWLRQVGHDOZLWKVRPH
aspect of applied entomology. During his lifetime, he 
SXEOLVKHGQHDUO\ERRNVDQGSDSHUVVHH/RYHO\
RIZKLFKRQO\GHDOZLWKDTXDWLFWRSLFVSULPDULO\¿VK
DQGWKHLUIRRGV$W¿UVWJODQFH)RUEHVGRHVQRWVHHPWR
have ever studied wetlands. Not one of his aquatic papers 
has any term like bog, marsh or swamp, in the title. The 
FORVHVWWKDW\RXJHWLVDQSDSHU³'HVWUXFWLRQRI¿VK
IRRGE\EODGGHUZRUWUtricularia´7KLVLVDKDOISDJH
note describing the invertebrates found in some Utricularia
bladders. He includes the same information in “The lake as 
PLFURFRVP´)RUEHV
THE LAKE AS A MICROCOSM
Stephen A. Forbes is best known today as the author of 
“The lake as a microcosm,” which was a paper he delivered 
WRPHPEHUVRIWKH3HRULD6FLHQWL¿F$VVRFLDWLRQRQ)HEUX-
ary 25, 1887 and that was published in the their Bulletin 
)RUEHV2 This talk and resulting paper are based on 
research that he and his colleagues conducted starting in the 
PLGVWKDWIRFXVHGRQWKHIRRGRI,OOLQRLV¿VKHV)RUEHV
E%HFDXVHRILWVVLJQL¿FDQFHIRUWKHGHYHORSPHQWRI
WKHHFRV\VWHPFRQFHSW2GXP+DJHQ*ROOH\
+DQVVRQHWDODJUHDWGHDOKDVEHHQZULWWHQ
DERXWWKLVSDSHU%RFNLQJ/RYHO\6FKQHLGHU
&URNHUDQGQXPHURXVSDSHUVFLWHGE\WKHP,W
is considered to be a classic paper in the history of ecology. 
$QH[FHUSWIURPLWZDVLQFOXGHGLQ.RUPRQG\¶VReadings in 
EcologyLQWKHVHFWLRQRQ7KH&RQFHSWRIWKH(FR-
V\VWHP7KLVZDVDQHDUO\DQGLQÀXHQWLDOFRPSLODWLRQRIWKH
most important papers in the development of ecology. The 
entire 1925 reprinted version of the paper is included in Real 
DQG%URZQFoundations of Ecology: Classic Papers 
with Commentaries,WLVWKH¿UVWSDSHULQWKLVYROXPHLQWKH
section called Foundational Papers. 
Today, only the concluding pages of this classic paper 
are of general interest. In them, Forbes outlines his beliefs 
that the organisms in the lake microcosm are part of a 
community of interest and that predator-prey interactions 
have evolved so that the lake microcosm is in equilibrium. 
Although Forbes showed that food webs were an important 
link among species at different trophic levels in his ideal-
ized lake microcosm, his emphasis is not on ecosystem 
energetics, but on demonstrating that species interactions 
result in community or assemblage stability. Nevertheless, 
WKLVSDSHULVVHHQDVDSLRQHHULQJH[SORUDWLRQRIHFRV\VWHP
HQHUJHWLFV2GXP+DJHQ*ROOH\+DQV-
VRQHWDO7KLVLVQRWKRZHYHUWKHFHQWUDOIRFXV
of the paper. Forbes wanted to show that the struggle for 
H[LVWHQFHWKDW'DUZLQSURSRVHGDVDPDMRUPHFKDQLVPIRU
QDWXUDOVHOHFWLRQZRXOGUHVXOWLQDQDGMXVWPHQWRIUHSURGXF-
tive rates for both predators and prey and that this would 
result in stable population sizes of all the components of 
the microcosm. The results of this balanced mortality is that 
primeval, natural communities or assemblages are in equi-
librium, unless disrupted for some reason, especially by 
man. This is an idea that Forbes had previously developed 
LQPRUHGHWDLOLQDQSDSHU³2QVRPHLQWHUDFWLRQVRI
RUJDQLVPV´)RUEHVD
Forbes had also introduced his concept of a microcosm 
LQDQRWKHUSDSHUSXEOLVKHGLQ³7KHIRRGRI¿VKHV´
)RUEHVE³)RUDFOHDUFRQFHSWLRQRIWKHJHQHUDODQG
intricate interdependence of the different forms of organic 
life upon the earth, one can not [sic] do better than to study 
thoroughly the life of a permanent body of fresh water, -- a 
river or smaller stream, or better then these, a lake. The 
animals of such a body of water are, as a whole, curiously 
isolated, -- closely related among themselves in all their 
interests, but so far independent of the life of the land 
about them that if every terrestrial plant and animal were 
annihilated it would doubtless be long before the general 
multitude of the inhabitants of the lake or stream would 
IHHOWKHHIIHFWVRIWKLVHYHQWLQDQ\LPSRUWDQWZD\´)RUEHV
ES³&RQVHTXHQWO\RQH¿QGVLQDVLQJOHERG\
of water a far more complete and independent equilibrium 
of organic life and activity than in any equal body of land. 
It forms a little world within itself, -- a microcosm within 
which all the elemental forces are at work and the play of 
life goes on in full, but on a small scale as to bring it easily 
ZLWKLQWKHPHQWDOJUDVS´)RUEHVES³1RZKHUH
can one see more clearly illustrated what may be called the 
sensibility RIVXFKDQRUJDQLFFRPSOH[H[SUHVVHGE\WKH
fact that whatever affects any species belonging to it, must 
VSHHGLO\KDYHLWVLQÀXHQFHRIVRPHVRUWXSRQWKHZKROH
DVVHPEODJH´)RUEHVES7KHVHTXRWHVDUHIURP
)RUEHV¶HDUOLHUSDSHUVRQWKH³7KHIRRGRI¿VKHV´9LUWXDOO\2 He also gave this talk as a commencement address at the University of Indiana WKDWVDPH\HDU&URNHU
20 Wetland Science & Practice  March 2018
WKHVDPHDUJXPHQWVDQGODQJXDJHDUHXVHGWRMXVWLI\ZK\
DODNHLVDQLGHDOV\VWHPIRUH[DPLQLQJZKDWLVUHVSRQVLEOH
IRUWKHVWDELOLW\RIQDWXUDORUJDQLFDVVHPEODJHVLQ³7KH
lake as a microcosm.” In fact, in “The lake as a micro-
cosm” Forbes was recycling much of what he had already 
SXEOLVKHGLQLQ³7KHIRRGRI¿VKHV´DQG³2QVRPH
interactions of organisms.”
In both his 1880b and 1887 papers, Forbes never ad-
HTXDWHO\GH¿QHVZKDWKHPHDQVE\DPLFURFRVP,WVHHPV
WREHMXVWDQLVRODWHGSLHFHRUSDUWRIWKHQDWXUDOZRUOGZLWK
clear boundaries that is isolated from the rest of nature. 
Because such situations are rare, as Forbes himself makes 
clear, this makes it a concept of rather limited utility. If 
most of the world cannot be easily divided into different 
microcosms, including all terrestrial communities and most 
other aquatic communities, how do these non-microcosms 
GLIIHUIURPPLFURFRVPV")RUEHVLQ³7KHODNHDVDPLFUR-
FRVP´VHHPVWREHH[SODLQLQJWKHH[FHSWLRQQRWWKHUXOH
Nevertheless, Forbes does stress that all pieces or parts of 
nature need to be studied as a unit, and this became a cen-
WUDOWHQHWLQHFRORJ\&URNHU
([DFWO\ZKDWNLQGRIODNHVGLG)RUEHVKDYHLQPLQG"
)RUEHVLVYHU\VSHFL¿FDERXWWKHDQVZHUWRWKLVTXHVWLRQ,Q
the “The lake as a microcosm” Forbes describes in consid-
erable detail the small lakes of northern Illinois and their 
ÀRUDDQGIDXQDWKDWKHXVHGDVWKHEDVLVIRUKLVLGHDOL]HG
ODNHPLFURFRVP)RUEHVGLVWLQJXLVKHVWZREURDG
FODVVHVRIVPDOOODNHVZKLFKKHUHIHUVWRDV³ÀXYLDWLOH´
ODNHVLHWKRVHDVVRFLDWHGZLWKULYHUVDQGWKHLUÀRRG-
plains, and “water-shed” [sic] lakes, i.e., those small lakes 
not associated with rivers. 
)RUEHVGHVFULEHVÀXYLDWLOHODNHVDVKLJKO\G\QDPLF
EHFDXVHWKH\DUHUHJXODUO\ÀRRGHGE\RYHUÀRZLQJULYHUV
³(QRXJKKDVEHHQVDLGWRLOOXVWUDWHWKHJHQHUDOLGHDWKDWWKH
OLIHRIZDWHUVVXEMHFWWRSHULRGLFDOH[SDQVLRQVRIFRQVLG-
HUDEOHGXUDWLRQLVSHFXOLDUO\XQVWDEOHDQGÀXFWXDWLQJ
-- that each species swings, pendulum-like, but irregularly, 
EHWZHHQDKLJKHVWDQGDORZHVWSRLQWDQGWKDWWKLVÀXFWXD-
tion affects the different classes successively, in the order of 
WKHLUGHSHQGHQFHXSRQHDFKRWKHUIRUIRRG´Snote
that all page numbers that follow are for the 1925 reprint of 
the 1887 paper)RUEHVWKHQVZLWFKHVWRZDWHUVKHGODNHV
which according to him are the much more stable lakes.
Water-shed lakes in northern Illinois are found on “a 
nearly level plateau with slight irregularities of the surface, 
many of these will probably be imperfectly drained and 
the accumulating water will form either marshes or lakes, 
DFFRUGLQJWRWKHGHSWKRIWKHGHSUHVVLRQ´S7KHVH
FIGURE 2.1PTUDBSEPG'PY-BLFDJSDB3FQSJOUFEXJUIUIFQFSNJTTJPOPGUIF-BLF$PVOUZ'PSFTU1SFTFSWF%VOO.VTFVN
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lakes were glacial in origin and formed in depressions in 
JODFLDOWLOO)RUEHVXVHGKLVVWXGLHVRIVSHFL¿FODNHV)R[
/RQJ&HGDUDQG'HHSLQQRUWKHDVWHUQ,OOLQRLV/DNH
&RXQW\DQGQHDUE\*HQHYD/DNHLQVRXWKHDVWHUQ:LVFRQ-
VLQWRGHYHORSKLVLGHDOODNHPLFURFRVP7KH¿HOGZRUN
RQWKHVHODNHVZDVGRQHEHWZHHQDQG&URNHU
7KHVHODNHVDVGHVFULEHGE\)RUEHVDUH
small, but they do differ in size and depth. Most of them 
have “marshy” vegetation along the margins and their 
basins generally were not very deep, although they usually 
KDGRQHRUPRUHGHHSHUVSRWV)RUH[DPSOHWKHQRUWKHUQ
DQGHDVWHUQEDVLQVRI)R[/DNH)LJXUHVDQG³ZHUH
visibly shallow – covered with weeds and feeding water-
IRZO«´S)RUEHV¶HVWLPDWHWKDWPRVWRIWKHODNHLV
OHVVWKDQIDWKRPVGHHSFDPEXWKHGLG¿QGDVPDOO
GHHSDUHDRIIDWKRPVP0RVWRIWKHRWKHUODNHVKDG
comparable deep areas: 11.5 m for Long Lake; 8.3 m for 
&HGDU/DNHPXFKRIWKHODNHKRZHYHUZDVPXFKVKDO-
ORZHUDQG³IXOORIZDWHUSODQWV´PIRU'HHS/DNH
ZKLOH*HQHYD/DNHZDVWKHH[FHSWLRQDWP
 Forbes spends most the paper describing the vegeta-
tion and animal communities of these small lakes. “… so 
clogged with weeds that a boat can scarcely be pushed 
through the mass; when, lifting a handful of the latter he 
¿QGVWKHPFRYHUHGZLWKVKHOOVDQGDOLYHZLWKVPDOOFUXV-
taceans; and then, dragging a towing net for few minutes, 
¿QGVLWOLQHGZLWKP\ULDGVRIGLDWRPVDQGRWKHUPLFUR-
VFRSLF$OJDHDQGZLWKPXOWLWXGHVRI(QWRPRVWUDFD>DQROG
WHUPIRUVRPHRUGHUVRI&UXVWDFHD@KHLVOLNHO\WRLQIHUWKDW
WKHVHZDWHUVDUHHYHU\ZKHUHVZDUPLQJZLWKOLIH´S
+HJRHVRQWRGHVFULEHWKHYHJHWDWLRQDQGLWVDVVRFLDWHG¿VK
fauna in more detail. “Among the weeds and the lily-pads 
upon the shallows and around the margins, the Potamoge-
ton, Myriophyllum, Ceratophyllum, Anacharis and Chara,
and the common Nelumbium [Nelumbo, Figure 3] – among 
WKHVH¿VKHVFKLHÀ\VZLPDQGOXUNE\IDUWKHFRPPRQ-
est being barbaric bream or “pumpkin seed” of northern 
Illinois, splendid with its green and scarlet and purple and 
RUDQJH/LWWOHOHVVDEXQGDQWLVWKHFRPPRQSHUFKPerca lu-
teaLQWKHODUJHUODNHV±LQWKHODUJHVWRXWQXPEHULQJEUHDP
LWVHOI´S7KHUHZHUHDOVRJDPH¿VKLQFOXGLQJEODFN
RUODUJHPRXWKEDVVPRVWFRPPRQSLFNHUHOJDUDQGGRJ
¿VK+HQRWHVWKDWWKH¿VKIDXQDRIWKHVHVPDOOODNHVLVYHU\
GLIIHUHQWIURPWKDWRI/DNH0LFKLJDQ³EXUERWZKLWH¿VK
WURXWODNHKHUULQJRUFLVFRHWF´S7KHZDWHULQ
these small, shallow lakes is much too warm in the sum-
PHUWRVXSSRUWWKHFROGZDWHU¿VKIRXQGLQ/DNH0LFKLJDQ
7KHLQYHUWHEUDWHIDXQDELYDOYHVLQVHFWVZRUPV&UXVWD-
FIGURE 3. Postcard of an American lotus (Nelumbo lutea Willd.) bed in Fox Lake in the early twentieth century. Reprinted with the permission of the 
Lake County Forest Preserve Dunn Museum.
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FHDDQG(QWRPRVWUDFDSULPDULO\FODGRFHUDRVWUDFRGVDQG
FRSHSRGVRIVPDOOODNHVLVDOVRGHVFULEHGDQGVRPHWLPHV
compared with the invertebrate fauna of Lake Michigan, 
ZKLFK)RUEHVKDGDOVRVWXGLHG)RUEHV
Forbes notes that “The system, of aquatic animal life 
rests essentially upon the vegetable world, although per-
haps less strictly than does the terrestrial system, and in a 
large and deep lake vegetation is much less abundant than 
in a narrower and shallower one, not only relatively to the 
amount of water but also to the area of the bottom. From 
WKLVGH¿FLHQF\RISODQWOLIHUHVXOWVDGH¿FLHQF\RIIRRGIRU
(QWRPRVWUDFDZKHWKHURIDOJDHRI3URWR]RDRURIKLJKHU
IRUPVDQGKHQFHRIFRXUVHDVPDOOHUQXPEHURIWKH(QWR-
mostraca themselves, and these with more slender bod-
ies, suitable for more rapid locomotion and wider range.” 
S)RUEHV¶SLRQHHULQJZRUNRQIRRGRI¿VKHV)RUEHV
EKDGGHPRQVWUDWHGWKDW(QWRPRVWUDFDDUHDNH\FRP-
SRQHQWRIODNHIRRGFKDLQVIRU¿VKHVSHFLDOO\\RXQJ¿VK
of nearly all species. “…the marshes and shallower lakes 
DUHWKHIDYRULWHEUHHGLQJJURXQGVRI¿VKHVZKLFKPLJUDWH
to them in spawning time if possible, and it is from the 
(QWRPRVWUDFDIRXQGKHUHWKDWPRVW\RXQJ¿VKHVJHWWKHLU
HDUOLHVWIRRGVXSSOLHV«´S
Having set the scene, Forbes then goes on to consider 
some of the interactions among animals in these lakes with 
a focus on black or large-mouth bass. The emphasis is on 
the food eaten by bass, especially young bass, and on bass 
FRPSHWLWRUVDQGSUHGDWRUV³«DOORXU\RXQJ¿VKHVH[FHSW
WKH&DWRVWRPLGDHIHHGDW¿UVWDOPRVWZKROO\RQ(QWRPRV-
WUDFDVRWKDWWKHOLWWOHEDVV¿QGVKLPVHOIDWWKHYHU\EHJLQ-
ning of his life engaged in a scramble for food with all the 
RWKHUOLWWOH¿VKHVLQWKHODNH,QIDFWQRWRQO\\RXQJ¿VKHV
but a multitude of other animals as well, especially insects 
DQGWKHODUJHU&UXVWDFHDIHHGXSRQWKHVH(QWRPRVWUDFDVR
WKDWWKHFRPSHWLWRUVRIWKHEDVVDUHQRWFRQ¿QHGWRPHP-
EHUVRILWVRZQFODVV(YHQPROOXVNVZKLOHWKH\GRQRW
directly compete with it do so indirectly, for they appro-
priate myriads of the microscopic forms upon which the 
(QWRPRVWUDFDODUJHO\GHSHQGIRUIRRG%XWWKHHQHPLHVRI
the bass do not all attack it by appropriating its food sup-
SOLHVIRUPDQ\GHYRXUWKHOLWWOH¿VKLWVHOI$JUHDWYDULHW\
RISUHGDFHRXV¿VKHVWXUWOHVZDWHUVQDNHVZDGLQJDQG
diving birds, and even bugs of gigantic dimensions destroy 
it on the slightest opportunity. It is in fact hardly too much 
WRVD\WKDW¿VKHVZKLFKUHDFKPDWXULW\DUHUHODWLYHO\DVUDUH
DVFHQWHQDULDQVDPRQJKXPDQNLQG´S
1RWRQO\DUHRWKHU¿VKVSHFLHVDQGRWKHUDQLPDOV
FRPSHWLWRUVRIWKHEDVVIRU(QWRPRVWUDFDEXWVRDUHVRPH
plants. “As an illustration of the remote and unsuspected 
rivalries which reveal themselves on a careful study of 
VXFKDVLWXDWLRQZHPD\WDNHWKHUHODWLRQVRI¿VKHVWRWKH
EODGGHUZRUW²DÀRZHULQJSODQWZKLFK¿OOVPDQ\DFUHVRI
the water in the shallow lakes of northern Illinois. Upon 
the leaves of this species are found little bladders—several 
KXQGUHGWRHDFKSODQW²ZKLFKZKHQFORVHO\H[DPLQHGDUH
VHHQWREHWLQ\WUDSVIRUWKHFDSWXUHRI(QWRPRVWUDFDDQG
other minute animals. The plant usually has no roots, but 
lives entirely upon the animal food obtained through these 
OLWWOHEODGGHUV´S)RUEHVWKHQJRHVRQWRGLVFXVVWKH
results of his studies of the content of Utricularia bladders:
WKH\FRQWDLQHGPRVWO\(QWRPRVWUDFD
Finally, in the last two pages Forbes gets to the take-
KRPHPHVVDJHVRIKLVSDSHUNatural assemblages 
like his lake microcosm are in equilibrium. “Perhaps no 
phenomenon of life in such a situation is more remarkable 
than the steady balance of organic nature, which holds each 
species within the limits of a uniform average number, year 
after year, although each one is always doing its best to 
break across boundaries on every side. The reproductive 
UDWHLVXVXDOO\HQRUPRXVDQGWKHVWUXJJOHIRUH[LVWHQFHLV
FRUUHVSRQGLQJO\VHYHUH(YHU\DQLPDOZLWKLQWKHVHERXQGV
KDVLWVHQHPLHVDQG1DWXUHVHHPVWRKDYHWD[HGKHUVNLOO
and ingenuity to the utmost to furnish these enemies with 
contrivances for the destruction of their prey in myriads. 
For every defensive device with which she has armed an 
animal, she has invented a still more effective apparatus 
of destruction and bestowed it upon some foe, thus striv-
ing with unending pertinacity to outwit herself; and yet 
life does not perish in the lake, nor even oscillate to any 
considerable degree, but on the contrary the little commu-
nity secluded here is as prosperous as if its state were one 
of profound and perpetual peace. Although every species 
KDVWR¿JKWLWVZD\LQFKE\LQFKIURPWKHHJJWRPDWXULW\
\HWQRVSHFLHVLVH[WHUPLQDWHGEXWHDFKLVPDLQWDLQHGDWD
UHJXODUDYHUDJHQXPEHUZKLFKZHVKDOO¿QGJRRGUHDVRQWR
believe is the greatest for which there is, year after year, a 
VXI¿FLHQWVXSSO\RIIRRG´S
Forbes continues “It is a self-evident proposition that 
a species can not [sic] maintain itself continuously, year 
after year, unless its birth-rate at least equals its death-rate. 
If it is preyed upon by another species, it must produce 
UHJXODUO\DQH[FHVVRILQGLYLGXDOVIRUGHVWUXFWLRQRUHOVHLW
PXVWFHUWDLQO\GZLQGOHDQGGLVDSSHDU2QWKHRWKHUKDQG
the dependent species evidently must not appropriate, on an 
DYHUDJHDQ\PRUHWKDQWKHVXUSOXVDQGH[FHVVRILQGLYLGX-
als upon which it preys, for if it does so it will continuously 
diminish its own food supply, and thus indirectly but surely 
H[WHUPLQDWHLWVHOI7KHLQWHUHVWVRIERWKSDUWLHVZLOOWKHUH-
IRUHEHEHVWVHUYHGE\DQDGMXVWPHQWRIWKHLUUHVSHFWLYH
rates of multiplication such that the species devoured shall 
IXUQLVKDQH[FHVVRIQXPEHUVWRVXSSO\WKHZDQWVRIWKH
GHYRXUHUDQGWKDWWKHODWWHUVKDOOFRQ¿QHLWVDSSURSULDWLRQV
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WRWKHH[FHVVWKXVIXUQLVKHG:HWKXVVHHWKDWWKHUHLVUHDOO\
a close community of interest between these two seemingly 
GHDGO\IRHV´S
Natural selection is the mechanism responsible for 
WKHHTXLOLEULXPRIQDWXUDODVVHPEODJHVDVH[HPSOL¿HGE\
small lakes³$QGQH[WZHQRWHWKDWWKLVFRPPRQLQWHU-
est is promoted by the process of natural selection; for it 
LVWKHJUHDWRI¿FHRIWKLVSURFHVVWRHOLPLQDWHWKHXQ¿W,I
two species standing to each other in the relation of hunter 
DQGSUH\DUHRUEHFRPHEDGO\DGMXVWHGLQUHVSHFWWRWKHLU
rates of increase, so that the one preyed upon is kept very 
IDUEHORZWKHQRUPDOQXPEHUZKLFKPLJKW¿QGIRRGHYHQ
if they do not presently obliterate each other the pair are 
placed at a disadvantage in the battle for life, and must 
VXIIHUDFFRUGLQJO\-XVWDVFHUWDLQO\DVWKHWKULIW\EXVLQHVV
PDQZKROLYHVZLWKLQKLVLQFRPHZLOO¿QDOO\GLVSRVVHVVKLV
shiftless competitor who can never pay his debts, the well-
DGMXVWHGDTXDWLFDQLPDOZLOOLQWLPHFURZGRXWLWVSRRUO\
DGMXVWHGFRPSHWLWRUVIRUIRRGDQGIRUWKHYDULRXVJRRGVRI
OLIH&RQVHTXHQWO\ZHPD\EHOLHYHWKDWLQWKHORQJUXQDQG
as a general rule those species which have survived, are 
WKRVHZKLFKKDYHUHDFKHGDIDLUO\FORVHDGMXVWPHQWLQWKLV
SDUWLFXODU¶SS
Forbes summarizes his discussion about the equilib-
rium that he thinks characterizes natural assemblages: 
³7ZRLGHDVDUHWKXVVHHQWREHVXI¿FLHQWWRH[SODLQWKH
RUGHUHYROYHGIURPWKLVVHHPLQJFKDRVWKH¿UVWWKDWRID
general community of interests among all the classes of 
organic beings here assembled, and the second that of the 
EHQH¿FHQWSRZHURIQDWXUDOVHOHFWLRQZKLFKFRPSHOVVXFK
DGMXVWPHQWVRIWKHUDWHVRIGHVWUXFWLRQDQGRIPXOWLSOLFD-
tion of the various species as shall best promote this com-
PRQLQWHUHVW´S
)RUEHVZDVQRWWKH¿UVWHDUO\HFRORJLVWWRSRVWXODWHWKDW
natural, undisturbed communities or assemblages are in 
equilibrium because of interactions among their component 
VSHFLHV(DUOLHU0|ELXVKDGFRPHWRDVLPLODUFRQFOXVLRQ
EDVHGRQKLVVWXGLHVRIR\VWHUEHGVYDQGHU9DON
Many historians of ecology have pointed out the similarity 
RIWKH)RUEHV¶ODNHPLFURFRVPDQG0|ELXVELRF|QRVHHJ
%RFNLQJ/RYHO\&URNHUYDQGHU9DON
0|ELXVSXEOLVKHGKLVSDSHURQR\VWHUEHGVLQ
DQGDQ(QJOLVKWUDQVODWLRQZDVSXEOLVKHGLQ5LFH
LQD¿VKHULHVSXEOLFDWLRQWKDW)RUEHVZDVNQRZQWR
read. Forbes, however, had developed his basic ideas about 
the stability of natural assemblages by 1880 in a paper en-
WLWOHG³2QVRPHLQWHUDFWLRQVRIRUJDQLVPV´)RUEHVD
In fact, he points to this earlier paper for a “fuller state-
ment” about his position in the 1925 version of “The lake 
DVDPLFURFRVP´+RZPXFK)RUEHV¶WKLQNLQJZDVLQÀX-
HQFHGE\0|ELXVZLOOSUREDEO\QHYHUEHNQRZQIRUFHUWDLQ
/RYHO\&URNHU)RUEHVGRHVQRWFLWH0|ELXV
in his 1887 paper or in the 1925 reprint of it or in any of 
KLVHDUOLHUSXEOLFDWLRQVOLNH³7KHIRRGRI¿VKHV´)RUEHV
E7KHLGHDWKDWQDWXUDODVVHPEODJHVZHUHLQKHUHQWO\
stable, the balance of nature as it was called at that time, 
was common in the nineteenth century among naturalists 
DQGHDUO\HFRORJLVWV(JHUWRQ,WLVQRWVXUSULVLQJWKDW
)RUEHVDQG0|ELXVKHOGVLPLODUYLHZV,WVKRXOGEHQRWHG
however, they believed that very different mechanisms 
were responsible for assemblages being in equilibrium. 
Forbes held that it was mechanisms regulating food sup-
SOLHVZKLOH0|ELXVHPSKDVL]HGFRPSHWLWLRQIRUVSDFH
Forbes, however, made a more compelling and detailed 
case for his view that primeval, natural assemblages are in 
equilibrium as a result of trophic interactions in his 1880 
SDSHU³2QVRPHLQWHUDFWLRQVRIRUJDQLVPV´)RUEHVD
Ironically, this paper is largely forgotten today. 
LAKES OR WETLANDS?
,WLVFOHDUIURPUHDGLQJ)RUEHV¶SDSHUVWKDWWKHVPDOO
“lakes” on which he modeled his idealized “microcosm” 
ZHUHUHDOO\ZHWODQGVDVGH¿QHGE\&RZDUGLQHWDO
%DVHGRQKLVGHVFULSWLRQVRIWKHPPRVWO\VKDOORZ
GRPLQDWHGE\DTXDWLFSODQWVVHH)LJXUHVDQGDQG
their fauna, they were either large palustrine wetlands or 
in some cases wide lacustrine wetlands associated with 
small lakes. In fact, most large palustrine wetlands in the 
Upper Midwest are called lakes. There was no other term 
to describe them during the nineteenth century when this 
DUHDZDV¿UVWVHWWOHG
Forbs seems to have been attracted to these wetlands 
because of their obvious high production of both plants and 
animals. His brief descriptions of deep water areas in lakes 
are mostly negative in tone: “singularly barren of both plant 
and animal life” and “as simple and scanty as … a desert” 
)RUEHVS7KHÀXYLDWLOHODNHVXQGRXEWHGO\
also wetlands, are too prone to disturbances, which dis-
rupt the “harmony of interactions among organic groups” 
)RUEHVDS7KHODNHPLFURFRVPIRU)RUEHVVHHPV
to represent a glimpse into the primeval condition of the 
natural world that is free from human disturbances. It 
“presents a settled harmony of interaction among organic 
groups which is in strong contrast with the many serious 
PDODGMXVWPHQWVRISODQWVDQGDQLPDOVIRXQGLQFRXQWULHV
RFFXSLHGE\PDQ´)RUEHVDS%HFDXVHWKHVH
wetlands are well delimited and highly isolated systems 
ZLWKFOHDUERXQGDULHVOLNHJLDQW¿VKERZOVRUZDGLQJSRROV
IXOORI³RUJDQLFOLIH´)RUEHV¿QGVLWHDVLHUWRFRPSUHKHQG
their overall organization and workings. 
It is the aquatic plants in these wetlands which give 
them a three-dimensional structure that seems to make 
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them attractive to Forbes. The structure created by this 
dense vegetation made it easier for him to envision the var-
ious food webs and the interactions among the animals that 
DIIHFWDVSHFL¿FRUJDQLVPLQDIRRGZHE7KHDTXDWLFSODQWV
also made these lakes appear to be more stable. In larger 
and deeper lakes not dominated by aquatic plants, a variety 
of currents continuously alters the distribution and abun-
dance of organisms at a variety of time scales. The food 
ZHEVRI)RUEHV¶ZHWODQGVDUHVWDWLFUDWKHUWKDQG\QDPLF
Forbes ignores seasonal and interannual changes in them. 
This makes it easier to comprehend and describe their food 
webs. At the time that the paper was written, Forbes and 
his colleagues had only sampled small Illinois lakes for a 
FRXSOHRI\HDUVDQGRQO\LQ2FWREHU7KLVPD\JRDORQJ
ZD\WRH[SODLQZK\)RUEHVEHOLHYHGWKHVHZHWODQGVWREH
such stable entities. 
Although Forbes did not realize it, he was studying the 
food webs of wetlands, which he viewed as being in some 
kind of primeval conditions and as yet unaffected by man. 
This was not true of the uplands of northern Illinois which 
LQ)RUEHV¶WLPHKDGEHHQODUJHO\FRQYHUWHGWRIDUPODQG
Forbes thus was an antecedent wetland ecologist, a sci-
HQWLVWZKRVHZRUNZDVLQÀXHQWLDOLQWKHGHYHORSPHQWRI
wetland ecology, but who did not consider himself to be a 
ZHWODQGHFRORJLVWVYDQGHU9DON7KHVDPHIHDWXUHV
RIZHWODQGVLVRODWLRQKLJKSURGXFWLYLW\DQGVWDELOLW\WKDW
attracted Forbes to wetlands seem also to have played a 
role in later studies of ecosystem energetics. Forbes never 
TXDQWL¿HGIRRGHQHUJ\ÀRZVZLWKLQZHWODQGVIURPWUR-
SKLFOHYHOWRWURSKLFOHYHO7KLVZRXOGEHGRQHE\WKHQH[W
generation of ecologists working in wetlands: Raymond 
/LQGHPDQDW&HGDU&UHHN%RJ0LQQHVRWDDQG
+RZDUG2GXPDW6LOYHU6SULQJV)ORULGD6WDUW-
LQJZLWK)RUEHVZHWODQGVKDYHSOD\HGDPDMRUUROHLQWKH
development of ecosystem ecology. 
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